The negligible level of concern about the effect of CO 2 on Earth's heat balance was not much affected by the work of Callendar (1938) , who argued that the increasing concentrations in the atmosphere could be observed and would be significant. The radiative balance calculations of Plass (1956) , published in Tellus, began to influence those who read such journals, and the beginnings of the Keeling curve brought widespread attention to the increasing atmospheric CO 2 concentration. Bolin and Eeriksson (1959) During the 1990s, increasing evidence of a decrease in calcification by most calcifying organisms with a reduction in the level of supersaturation (Gattuso et al., 1998; Kleypas et al., 1999, and references therein; Langdon et al., 2000) led to widespread concern about the possible effects of decreasing pH and the associated decrease in carbonate ion concentration. Plausible pH changes over the next 3,000 years, explored by Caldeira and Wickett (2003) , led to even more widespread recognition of the potential consequences of ocean Pilson (1998 Pilson ( , 2013 . The atmospheric concentration is expressed as ppmv: parts per million by volume in a dry atmosphere. This unit is the same as the mole fraction: moles of CO 2 per total moles of all gases except water. Table 1 provides some details of the calculation. Results for three temperatures are plotted: those for 18°C because that is approximately the area-weighted average for the world ocean (Levitus, 1982) , and for 0°C and 30°C to span nearly the range in the world ocean. The value of 180 ppmv of CO 2 corresponds approximately to the low value at the height of the last glaciation. Dates are entered to show the values for the year 1880 (from ice core data) and for 1960 and for 2014, predicted from the Keeling curve and NOAA data (http://www.esrl.noaa.gov/gmd/ccgg/trends). NOAA also publishes global monthly averages near sea level on that same website; the Mauna Loa data were used here because the series is longer and the average values differ by less than 1 ppmv. At the height of glaciation, the average salinity of the world ocean may have been greater by about 3.5%; the resulting pH at 18°C would accordingly have been about 0.005 greater. No adjustment for such changes is attempted here. Table 1 includes this effect, and also a small correction to yield the fugacity.
Table 1 also provides brief estimates of the sensitivity of the calculation to variations in salinity and atmospheric pressure. The calculations shown in Figure 1 were all carried out for a salinity of 35, as a common convention, close to the world average surface salinity of 34.63 reported by Levitus (1982) .
The uptake of atmospheric CO 2 decreases the pH of seawater (Figure 1) , and this has had and will have many consequences. Figure 3 illustrates one of them. As seawater absorbs CO 2 , its capacity to take up more of this gas diminishes. Seawater at 18°C in equilibrium with an atmosphere containing Michael E.Q. Pilson (pilson@mail. uri.edu Sensitivity to atmospheric pressure at 18°C, [CO 2 ] = 400 ppmv, and S = 35 (due to consequent changes in the partial pressure of CO 2 ) *Two factors are needed to enter the equations to calculate all components of the CO 2 system. I used TA and fugacity of atmospheric CO 2 , ignoring small corrections to total alkalinity due to variations in nutrient concentrations. There are several sources for the data and equations used here. It was convenient to use those in Pilson (2013) . The fugacity calculation is from Dickson et al. (2007) . Atmospheric CO 2 values were obtained from http://www.esrl.noaa.gov/gmd/ ccgg/trends. The pH values in Figure 1 are based on the widely familiar NBS (now NIST) scale. Conversions among the various pH scales, importantly the "total" scale common for open ocean calculations, are very conveniently done using the "CO2calc" program (Robbins et al., 2010) . It really would be advisable for all CO 2 partial pressures to be expressed in pascals, and the CO 2 equations to be entered with that unit, but it is still common to use µatm. substantial dependence on salinity, but a very weak dependence on temperature (Mucci, 1983) . Although it may seem that the equilibrium concentration of carbonate ion is currently well above that required for the equilibrium solubility of aragonite in seawater, it is observed that many (though not all) organisms apparently will only secrete their carbonate shells or skeletons at a healthy rate if the carbonate ion concentration is well above that required for saturation (Kleypas et al., 1999 (Kleypas et al., , 2006 Ries et al., 2009 ).
The total alkalinity (salinity normalized) does vary somewhat over the surface ocean, being maintained at slightly lower than average values in latitudes where CaCO 3 is actively precipitated. The total alkalinity of seawater is likely to increase over time in response to elevated atmospheric CO 2 (due to decreased precipitation of calcium carbonate in surface waters and increased dissolution at depth), ameliorating, to some extent, the effects of increasing atmospheric CO 2 by increasing the carbonate ion concentration and increasing Figure 3 . The uptake factor is the incremental increase in the concentration of total CO 2 in seawater, in equilibrium with the atmosphere, corresponding to an incremental increase in the atmospheric concentration of CO 2 (Pilson, 2013) , and is expressed as
The calculation was done over small increments and plotted at the mid-point of each increment. and TA = 2.032 µmol kg -1 at three temperatures and at equilibrium with a range of atmospheric concentrations of CO 2 . The two horizontal dotted lines show the carbonate ion concentration at saturation with aragonite, the upper one at 0°C and the lower one at 30°C. The one horizontal dashed line (there is not much temperature effect) shows the carbonate ion concentration at saturation with calcite (calculated from Mucci, 1983) . The vertical lines indicate the equilibrium conditions for the years indicated. 
